The aim of this study, which took place in a dental environment located at the centre of Athens, Greece, is to quantify the amount of Total Volatile Compounds (TVOCs), which were emitted from commonly used dental substances in a controlled dental micro-environment (8 surface disinfectants including both sprays and tissues, 8 bonding agents and 4 acrylic substances). TVOCs concentrations were monitored at three distances from the source (right above the source, 50cm and 100 cm distance from the source) for a period of minutes using a ppbRAE monitor. The environmental factors were complementary assessed using a prototype experimental setup consisted of a sonic anemometer and a hygrometer right above the source. Ventilation rates were estimated via CO 2 concentrations. High TVOCs concentrations were found to be emitted from three out of the four acrylic substances, with average values as high as 42.000 ppb. Concentrations were substantially reduced away from the source (average values below 500 ppb for all substances). For disinfectants, above the source the concentrations ranged between 30.430 ppb and 10 ppb with an average value of 5.393 ppb. Significant differences were observed between TVOCs emitted from sprays which in general, were substantially higher than TVOCs emitted from wipes (average TVOCs conc. from sprays 8.327 ppb, while the respective value for tissues is 496 ppb). An effort was made to assess the dependence of the measured TVOCs concentrations on environmental factors such as wind speed and ventilation rates. It was found that the influence of environmental factors is not traceable, indicating the importance of emission patterns.
INTRODUCTION
During the last decades air quality has become one of the major environmental concerns in an international level due to the possible adverse health effects to public health. Risks to human health include respiratory disorders such as asthma (Evans et al., 2008) , building-related illness (Pappas et al., 2000) and cancer (Wolkoff et al., 1998) . In this context, air quality studies in indoor workplace microenvironments such as clinics and dental settings have been conducted (Godwin et al., 2003; Helmis et al., 2007) . Especially in the case of dental settings, substances such as acrylate compounds, organic solvents, disinfectants and polymeric dental materials routinely used in most dental procedures such as bonding agents, can spread into air within the dental working environment and affect the air quality possibly giving rise to dermatological and respiratory effects (Pechter et al., 2005; Marquardt et al., 2009) . From these studies it was evident that the dental setting is a complex environment in which different procedures took place and different materials were used simultaneously making difficult the measurement of concentration levels of specific VOCs. Additionally, when studies are performed in big dental clinics, the various conditions involved in air quality measurements such as environmental factors and emission patterns can not fully be sketched, thus not allowing a reliable assessment of VOCs concentration variations.
Ideally, a dental material that is to be used in the oral cavity should be harmless to all (both soft and hard) oral tissues such as gingiva, mucosa, teeth, pulp, and bone, and it should not contain toxic, leachable, or diffusible substance that can be absorbed into the circulatory system, causing systemic toxic responses. The material also should be free of agents that could elicit sensitization or an allergic response in a sensitized patient. At the same time, materials used in common dental practice outside the oral cavity, should also be tested for possible toxicity, since patients and dental personnel can be in contact with them through respiration, for sometimes prolonged periods of time.
The aim of the present study is to apply a methodology to estimate the amount of Total Volatile Compounds (TVOCs) emitted from commonly used dental substances (disinfectants, bonding agents and acrylic substances) in a controlled dental micro-environment. Further, environmental parameters are evaluated in order to avoid negative interactions in the measurement procedure.
SITE DESCRIPTION, DATA AND METHODS Experimental setting and instrumentation
The experiment took place in a dental setting (13.5 m 2 ) which is part of a 98 m 2 apartment, located at a densely populated area of the centre of Athens. Within the apartment, another neighbouring room was operated as a separate dental office.
Experiments took place during February and March 2010. Instrumentation included portable instruments for TVOCs and CO 2 measurements, a fast sonic anemometer (CSAT Campbell) and a fast hygrometer for water vapour and CO2 measurements (LI-COR, LI-COR LI-7500). The anemometer and hygrometer were placed on a small home-made meteorological mast for indoor measurements at a height of 160 cm (Figure 1 ).
The portable instrumentation consisted of two indoor air quality monitors (IAQRAE and ppbRAE of RAE systems with resolution: 10ppb and 1ppb respectively, accuracy: 10%, LDL: 20 ppb). ppbRAE was used for TVOCs measurements. IAQRAE measured TVOCs and CO 2 concentrations, temperature and relative humidity. The ppbRAE TVOCs concentrations were data-logged every second, and 10-second mean values were further processed. IAQRAE measurements were datalogged every minute. The experimental set-up is presented in Figure 1 . 
MATERIALS AND METHODS
The materials used in the present study are presented in Table 1 . Four categories of dental materials were examined: disinfectant sprays (SD.s, DM.s, BL.s, D.s, S.s) and wipes (BL.w, S.w, HT.w), bonding agents (Scotchbond SE (ESPE/3M),One step plus (Bisco) ,Optibond Solo and Optibond All-in -One (Kerr) AdheSE (Vivadent),Prime and Bond NT (Dentsply/DeTrey), XenoV (Dentsply/Detrey) and XP Bond ( Dentsply/Detrey) and acrylic substances (Flexacryl, Ferit, Jet, Pattern Resin). These are common substances used in dental settings. Experimental protocol consisted of one cycle of measurements for each disinfectant. Each cycle consisted of three stages, each stage involving measurements at a certain distance from the source (substance). Three distances were chosen: 0 cm (right above the source -X1 in Figure 1) , 50 cm and 100 cm away from the source (X2 and X3 in Figure 1 respectively). During each stage: (i) background TVOCs concentration were monitored and then, (ii) a certain amount of the substance was sprayed spread or deposited on the surface A ( Figure 1 ) and the TVOCs concentrations were measured for 5 min. In particular, 2 ml of disinfectant sprays were sprayed, 1 drop of bonding agents was spread and five drops of acrylic substances were placed on a small disk (2 cm diameter). Average background concentrations were subtracted from the measured concentrations during step (ii) at each stage and then these "clear" data was further processed for the analysis presented at the following paragraphs. This subtraction was necessary in order to exclude TVOCs produced from dental operations in the neighbouring dental office. During each cycle (i.e. TVOCs measurements resulting from different disinfectant and background values) all doors were closed. Between each cycle the door that connects the dental setting with the outdoor environment was open for 5 minutes, in order to properly dilute indoor TVOCs that were produced from the disinfectants use. Outdoor TVOCs and CO 2 concentrations were monitored for 5 minutes at the beginning of the experiments during each experimental day. Wind speed and water vapour content right above the source (i.e. the spot were the dental material was sprayed or spread-A in Figure 1 ) were continuously measured.
The ventilation rates were calculated with the methodology followed by Helmis et al (2007) , which involves the solution of the mass-balance equation for the CO2 concentrations, considering indoor homogeneity and negligible deposition, assumptions which are met for this particular small dental office. At 50 cm and 100 cm distance from the source, TVOCs concentrations are strongly reduced comparing to the above-the-source values for several disinfectants (Figure 2 (b) and (c) ). The reduction is more prominent for BL.s (percentage reduction equal with 90%), while it is small for S.s and S.w apparently due to the very low concentrations. Mean values are still quite high at 50 and 100 cm for the majority of the disinfectant agents. Concentrations higher than (or equal to) 1000 ppb were observed at 50 cm and 100 cm for SD. Figure 2 . Box-and-Whiskers plots of the TVOC concentrations (10-s averages) from disinfectant sprays right above the source (a) 50 cm (b) and 100 cm (c) away from the source. Vertical axis is in logarithmic scale
Bonding agents
Box and Whiskers plots for TVOCs emitted from bonding agents which were spread are presented in Figure 3 (a), (b) and (c). The highest emitted TVOCs are observed for OPT(aio) and NT and the lowest emissions correspond to ADH. Even though away from the source TVOCs concentrations drop significantly to near background values, high values (near 500 ppb) are detected in certain cases (e.g. 6.NT at 100 cm).
Acrylic substances
Box and Whiskers plots for TVOCs emitted from acrylic substances are presented in Figure 4 (a), (b) and (c). High TVOCs concentrations are observed for all acrylic substances (e.g. mean value right above the source was equal to 32.720). It is of interest to note that even the 10 th percentile values are quite high (4.056, 1.030 and 1.020 ppb for Flex, Jet and PR respectively), indicating that the extremely high TVOCs levels are representative of the mean emission patterns. Even though that mean concentrations are significantly reduced away from the source, in certain cases they maintain high levels (e.g. PR mean concentration equals to 450 ppb). 
Environmental factors
Histograms of the wind speed, ventilation rates, and CO 2 and water vapor concentrations right above the source (i.e. dental materials) are presented in Figure 5 . CO 2 production rate is more or less constant (i.e. the number of people within the room is almost constant). It would then be expected that CO 2 and wind speed histograms would be similar, since they are controlled by the same factor, i.e. the ventilation rate. From Figure 5 it can be seen that CO 2 , wind speed and ventilation histograms are indeed similar. It is interesting to note though that water vapor histogram present significant differences, indicating that yet another process is acting, which is apparently the evaporation of the water contained in the dental materials. In order to examine the influence of the environmental factors on the measured TVOCs concentrations, scatter plots of the horizontal wind speed, and relative humidity with the measured concentrations ( Figure 6 ). From Figure 6 it is evident that there is no direct dependence of the environmental factors on the measured concentrations, indicating the significance of the high emission patterns: apparently the possible dependence of TVOCs concentrations on environmental factors masked by the high emission patterns. An exception is observed for humidity, with a weak power-form correlation (0.36) indicating the connection between water evaporation and TVOCs concentrations. Thus for the high emissions from bonding agents, acrylic substances and disinfectants the ventilation rates commonly experienced in the indoor environment have little influence on the indoor TVOCs concentrations. 
Conclusions
In this study, TVOCs emitted from commonly used dental substances in a controlled dental microenvironment were measured. TVOCs concentrations were monitored at three distances from the sources and environmental factors were assessed using a prototype experimental setup consisted of a sonic anemometer and a hygrometer right above the source. Ventilation rates were estimated via CO 2 concentrations.
For disinfectants, above the source the concentrations ranged between 30.430 ppb and 10 ppb with an average value 5.393 ppb. High TVOCs concentrations were found to be emitted from three out of the four acrylic substances, with average values as high as 42.000 ppb. Concentrations were substantially reduced away from the source (average values below 500 ppb for all substances). For bonding agents, it was found that the emitted TVOCS concentrations were significantly lower than the ones emitted from acrylic substances and disinfectants.
Influence of environmental factors such as ventilation rates, and indoor wind speed on the measured TVOCs concentrations is not traceable, indicating that for the emission patterns commonly
